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(57) ABSTRACT

Provided is an endoscope which is capable of preventing
liquid drops from attaching onto the vicinity of an observation
window even in the case where the observation window is
placed in the vicinity of a round-chamfered peripheral edge
part. In the case where an observation window is placed in the
vicinity of a round-chamfered peripheral edge part, the
peripheral edge part in the vicinity of the observation window
is round-chamfered in a manner that the radius of curvature
(round-chamfer) becomes larger along with an increase in
distance from a starting point, the starting point being the
point closest to the observation window. With this feature, it
is possible to prevent the liquid drops from attaching onto the
vicinity of the observation window to thereby block the field
of view.
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1
ENDOSCOPE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The presently disclosed subject matter relates to an endo-
scope, and more particularly, to an endoscope in which an
observation window can be cleaned by jetting a cleaning fluid
from a nozzle.

2. Description of the Related Art

In general, an endoscope for medical use is provided with
a nozzle for cleaning an observation window, and the obser-
vation window can be cleaned as needed by jetting a cleaning
liquid from the nozzle.

However, when the observation window is cleaned by jet-
ting the cleaning liquid from the nozzle in this way, the
cleaning liquid attaches onto the observation window to block
the field of view of the observation window in some cases.
Therefore, in the endoscope for medical use, the cleaning
liquid and air can be selectively jetted from the nozzle, and the
air is jetted after the cleaning liquid is jetted, whereby the
cleaning liquid attaching on the observation window can be
blown away by the air to be removed.

However, the air is jetted only in a given direction, and
hence the air does not reach the cleaning liquid depending on
an attachment position of the cleaning liquid, so that the
cleaning liquid cannot be completely removed in some cases.

Japanese Patent Application Laid-Open No. 2007-202836
describes that, in order to let the cleaning liquid drain off to a
higher level, a suction port is placed in the vicinity of an
observation window farther from the nozzle, of two observa-
tion windows.

In addition, Japanese Patent Application Laid-Open No.
2005-168770 describes that an illumination window is
formed so as to be inclined in a manner that an optical axis of
an illumination optical system is inclined.

Further, Japanese Patent Application Laid-Open No. 2004-
254729 describes an endoscope including a distal end part to
which a cap is detachably attached, in which a joining portion
between an end part of the cap and an end part of a distal end
part main body is formed so as to have a continuous curved
surface.

In addition, Japanese Patent Application Laid-Open Nos.
2006-314459, 2006-320366, 2006-320367, and 2008-86664
each describe that an end surface of the distal end part on
which the observation window is placed is formed in a step-
wise manner, an inclined surface is formed in a wall part
between respective adjacent two steps, and the cleaning liquid
is jetted from the cleaning nozzle toward the inclined sur-
faces.

SUMMARY OF THE INVENTION

Incidentally, in recent years, a diameter of the endoscope
for medical use becomes increasingly smaller, in a manner
that the observation window needs to be placed in the vicinity
of a peripheral edge part of the distal end surface in some
cases.

However, normally, in order to reduce a stimulus when a
distal end surface of an insertion part of the endoscope comes
into contact with a body cavity wall, a peripheral edge part of
the distal end surface is round-chamfered, and there are prob-
lems that drops of the cleaning liquid and the like attach easily
onto such a round-chamfered portion, and that it is difficult to
remove the liquid drops once attaching thereon.

The presently disclosed subject matter has been made in
view of the above-mentioned circumstances, and therefore
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has an object to provide an endoscope which is capable of
preventing liquid drops from attaching onto the vicinity of an
observation window even in the case where the observation
window is placed in the vicinity of around-chamfered periph-
eral edge part.

In order to achieve the above-mentioned object, a first
aspect of the presently disclosed subject matter provides an
endoscope including: an insertion part which is inserted into
a body cavity, the insertion part having a distal end surface
whose peripheral edge part is circumferentially round-cham-
fered; an observation window placed on the distal end sur-
face; an illumination window placed on the distal end surface;
and a nozzle which jets a cleaning fluid toward the observa-
tion window, wherein: the observation window is placed in a
vicinity of the peripheral edge part; and in a vicinity of the
observation window, the peripheral edge part is round-cham-
fered in a manner that a radius of round-chamfer becomes
larger along with an increase in distance from a starting point
which is a point closest to the observation window.

According to the first aspect, in the case where the obser-
vation window is placed in the vicinity of the round-cham-
fered peripheral edge part, the peripheral edge part in the
vicinity of the observation window is round-chamfered in a
manner that the radius of curvature becomes larger along with
an increase in distance from the starting point, the starting
point being the point closest to the observation window. It is
confirmed that, in the case where the peripheral edge part is
round-chamfered, drops of the cleaning fluid and the like
attach more easily onto the round-chamfered portion, and
tend to attach particularly easily onto a portion having a larger
radius of curvature in the round-chamfered peripheral edge
part. In view of the above, the peripheral edge part in the
vicinity of the observation window is round-chamfered in a
manner that the radius of curvature becomes larger along with
an increase in distance from the starting point, the starting
point being the point closest to the observation window,
whereby the liquid drops are prevented from attaching onto
the peripheral edge part near the observation window (the
liquid drops are led so as to attach at a position away from the
observation window). With this feature, it is possible to pre-
vent the liquid drops from attaching onto the vicinity of the
observation window to thereby block the field of view.

It should be noted that a mode of changing the radius of
curvature (round-chamfer) is not limited, and hence the
radius of curvature may be changed continuously from the
starting point, or may be changed in a stepwise manner from
the starting point. In addition, a change rate of the radius of
curvature does not necessarily need to be constant, and may
be changed drastically with respect to a certain point as the
starting point. For example, it is also possible to adopt a mode
in which: the point closest to the observation window is
defined as the starting point; and the distal end part is round-
chamfered at the same radius of curvature as that at the
starting point within a given range from the starting point, and
is round-chamfered at the radius of curvature which is
changed continuously or in a stepwise manner, once exceed-
ing the given range.

In order to achieve the above-mentioned object, a second
aspect of the presently disclosed subject matter provides the
endoscope according to the first aspect in which: the illumi-
nation window is placed in a vicinity of the peripheral edge
part; and in a vicinity of the illumination window, the periph-
eral edge part is round-chamfered in a manner that the radius
of curvature becomes larger along with an increase in dis-
tance from a starting point which is a point closest to the
illumination window.
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According to the second aspect, in the case where the
illumination window is placed in the vicinity of the round-
chamfered peripheral edge part (including the case where a
plurality of the illumination windows are placed), the periph-
eral edge part in the vicinity of the illumination window is
round-chamfered in a manner that the radius of curvature
(round-chamfer) becomes larger along with an increase in
distance from the starting point which is the point closest to
the illumination window. With this feature, it is possible to
prevent the liquid drops from attaching onto the vicinity of the
illumination window to thereby deteriorate illumination per-
formance.

In order to achieve the above-mentioned object, a third
aspect of the presently disclosed subject matter provides an
endoscope including: an insertion part which is inserted into
a body cavity, the insertion part having a distal end surface
whose peripheral edge part is circumferentially round-cham-
fered; an observation window placed on the distal end sur-
face; an illumination window placed on the distal end surface;
and a nozzle which jets a cleaning fluid toward the observa-
tion window, wherein: the observation window and the illu-
mination window are placed adjacently to each other in a
vicinity of the peripheral edge part; and within a range
between a first point being a point closest to the observation
window and a second point being a point closest to the illu-
mination window, the peripheral edge part is round-cham-
fered in a manner that a radius of round-chamfer gradually
becomes larger from each of the first point and the second
point toward a given local maximum point which is set
between the first point and the second point.

According to the third aspect, in the case where the obser-
vation window and the illumination window are placed adja-
cently to each other in the vicinity of the round-chamfered
peripheral edge part, the peripheral edge part between the
observation window and the illumination window is round-
chamfered in a manner that the radius of curvature becomes
larger toward the given local maximum point set between the
observation window and the illumination window. With this
feature, it is possible to lead the liquid drops to a position
away from the observation window and the illumination win-
dow and to prevent the liquid drops from attaching onto the
vicinities of the observation window and the illumination
window.

In order to achieve the above-mentioned object, a fourth
aspect of the presently disclosed subject matter provides the
endoscope according to the third aspect, in which a pair of the
illumination windows is placed on the distal end surface so as
to sandwich the observation window.

According to the fourth aspect, the observation window is
placed in the vicinity of the round-chamfered peripheral edge
part, and the pair of illumination windows is placed adja-
cently to the observation window so as to sandwich the obser-
vation window. In this case, the peripheral edge part between
the observation window and each of the illumination win-
dows is round-chamfered in a manner that the radius of cur-
vature becomes larger toward the given local maximum point
set between the observation window and each of the illumi-
nation windows. With this feature, it is possible to lead the
liquid drops to a position away from the observation window
and the illumination window and to prevent the liquid drops
from attaching onto the vicinities of the observation window
and the illumination window.

In order to achieve the above-mentioned object, a fifth
aspect of the presently disclosed subject matter provides the
endoscope according to the third or fourth aspect, in which
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the local maximum point is set at a substantially middle
(intermediate) position between the first point and the second
point.

According to the fitth aspect, the local maximum point is
set at the substantially middle position between the first point
(the point closest to the observation window) and the second
point (the point closest to the illumination window). With this
feature, it is possible to smoothly change the radius of curva-
ture and to lead the liquid drops to a position away from both
of the observation window and the illumination window.

In order to achieve the above-mentioned object, a sixth
aspect of the presently disclosed subject matter provides an
endoscope including: an insertion part which is inserted into
a body cavity, the insertion part having a distal end surface
whose peripheral edge part is circumferentially round-cham-
fered; an observation window placed on the distal end sur-
face; an illumination window placed on the distal end surface;
and a nozzle which jets a cleaning fluid toward the observa-
tion window, wherein: the observation window is placed in a
vicinity of the peripheral edge part; and within a range
between a first point being a point closest to the observation
window and a second point apart from the first point by a
given distance, the peripheral edge part is round-chamfered in
a manner that a radius of round-chamfer gradually becomes
larger from each of'the first point and the second point toward
a given local maximum point which is set between the first
point and the second point.

According to the sixth aspect, in the case where the obser-
vation window is placed in the vicinity of the round-cham-
fered peripheral edge part, within the range between the first
point being the point closest to the observation window and
the second point being the point away from the first point by
the given distance, the peripheral edge part is round-cham-
fered in a manner that the radius of curvature gradually
becomes larger toward the given local maximum point being
set between the first point and the second point. With this
feature, it is possible to lead the liquid drops to a position
away from the observation window and to prevent the liquid
drops from attaching onto the vicinity of the observation
window.

In order to achieve the above-mentioned object, a seventh
aspect of the presently disclosed subject matter provides the
endoscope according to the sixth aspect, in which the local
maximum point is set at a substantially middle (intermediate)
position between the first point and the second point.

According to the seventh aspect, the local maximum point
is set at the substantially middle (intermediate) position
between the first point and the second point. With this feature,
it is possible to smoothly change the radius of curvature.

In order to achieve the above-mentioned object, an eighth
aspect of the presently disclosed subject matter provides the
endoscope according to the sixth or seventh aspect, in which
the second point is set in a direction away from the nozzle
with respect to the first point.

According to the eighth aspect, the second point is set in a
direction away from the nozzle with respect to the first point.
That is, the second point is set on the downstream side of the
cleaning fluid jetted from the nozzle. The force of the cleaning
fluid becomes weaker on the downstream side, and hence the
liquid drops attach more easily on the downstream side than
on the upstream side. On such a downstream side, the liquid
drops are led to a position away from the observation window,
whereby it is possible to effectively prevent the liquid drops
from attaching onto the vicinity of the observation window.

In order to achieve the above-mentioned object, a ninth
aspect of the presently disclosed subject matter provides the
endoscope according to the seventh or eighth aspect, in
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which: the illumination window is placed in a vicinity of the
peripheral edge part adjacently to the observation window;
and a point closest to the illumination window is defined as
the second point.

According to the ninth aspect, the illumination window is
placed in the vicinity of the peripheral edge part adjacently to
the observation window, and the point closest to the illumi-
nation window is defined as the second point. With this fea-
ture, it is possible to prevent the liquid drops from attaching
onto the vicinity of the illumination window.

In order to achieve the above-mentioned object, a tenth
aspect of the presently disclosed subject matter provides the
endoscope according to any one of the first to ninth aspects, in
which the peripheral edge part is round-chamfered in a man-
ner that the radius of curvature (round-chamfer) becomes the
smallest at the point closest to the observation window.

According to the tenth aspect, the peripheral edge part is
round-chamfered in a manner that the radius of curvature
(round-chamfer) becomes the smallest at the point closest to
the observation window. The liquid drops tend to attach more
easily onto a portion having a larger radius of curvature, and
hence the radius of curvature is made smaller at the point
closest to the observation window, whereby it is possible to
effectively prevent the liquid drops from attaching onto the
vicinity of the observation window.

According to the presently disclosed subject matter, it is
possible to prevent the liquid drops from attaching onto the
vicinity of the observation window even in the case where the
observation window is placed in the vicinity of the round-
chamfered peripheral edge part.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is an overall configuration view illustrating an endo-
scope;

FIG. 2 is a front view illustrating a configuration of a distal
end surface of a distal end part;

FIGS. 3A to 3] are views each illustrating an outer shape of
a given cross section of the distal end part illustrated in FIG.
2;

FIG. 4 is a front view illustrating a configuration of a
second embodiment of the distal end surface of the distal end
part;

FIGS.5A to 5F are views each illustrating an outer shape of
a given cross section of the distal end part illustrated in FIG.
4;

FIG. 6 is a front view illustrating a configuration of another
embodiment of the distal end surface of the distal end part;

FIG. 7 is a front view illustrating a configuration of a third
embodiment of the distal end surface of the distal end part;

FIG. 8 is a front view illustrating a configuration of a fourth
embodiment of the distal end surface of the distal end part;
and

FIGS.9A to 9] are views each illustrating an outer shape of
a given cross section of the distal end part illustrated in FIG.
8.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, preferred embodiments of an endoscope
according to the presently disclosed subject matter are
described in detail with reference to the attached drawings.

First Embodiment

FIG. 1 is an overall configuration view illustrating an
embodiment of the endoscope according to the presently
disclosed subject matter.
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An endoscope 1 is an electronic endoscope which takes out
a subject image inside of a body cavity as an electronic image,
and includes: an operation part 10 which is used by an opera-
tor in order to perform a required operation; an insertion part
20 which is inserted into the body cavity; and a connection
part 30 for connecting with a processor apparatus and the like.

The connection part 30 includes: a universal cord 32 which
is provided so as to be continuous with the operation part 10;
and a plurality of connectors which are provided at a distal
end part of the universal cord 32. These connectors includes:
a processor connector 34A for connecting with a processor
apparatus 36; a light source connector 34B for connecting
with a light source apparatus 38; and an air supply/water
supply connector 34C for connecting with an air supply/water
supply apparatus 40.

The operation part 10 includes: a forceps entrance 12 for
inserting a treatment tool; an angle knob 14 for bending a
distal end of the insertion part 20 up, down, right, or left; an air
supply/water supply button 16 for cleaning an observation
window 50 provided at the distal end of the insertion part 20,
by jetting water and air from a nozzle 58 provided at the distal
end of the insertion part 20; and a suction button 18 for
suctioning from a forceps exit 56 provided at the distal end of
the insertion part 20.

The insertion part 20 is formed into a tube-like shape which
has a given diameter and is circular in cross-section, and is
integrally provided so as to be continuous with a distal end of
the operation part 10. The insertion part 20 includes: a flexible
part 22 having flexibility; a bending part 24 which is bendable
and provided at an end of the flexible part 22; and a distal end
part 26 provided at a distal end of the bending part 24.

The flexible part 22 is configured by a flexible tube, and is
integrally provided so as to be continuous with the distal end
of'the operation part 10. A large part of the insertion part 20 is
configured by the flexible part 22.

The bending part 24 is configured to be bendable, and is
integrally provided so as to be continuous with a distal end of
the flexible part 22. The bending part 24 bends up, down,
right, or left so as to follow an operation on the angle knob 14
provided in the operation part 10. Accordingly, the distal end
part 26 can be turned in a desired direction inside of the body
cavity by bending the bending part 24 in the desired direction.

The distal end part 26 is formed into a columnar shape
(having, for example, a diameter of approximately 9 mm) by
using a hard material such as metal (for example, stainless),
and is integrally provided so as to be continuous with the
distal end of the bending part 24.

FIG. 2 is a front view illustrating a configuration of a distal
end surface of the distal end part. As illustrated in FIG. 2, a
distal end surface 264 of the distal end part 26 included in the
insertion part 20 is formed into a flat circular shape, and the
observation window 50, a pair of illumination windows 52
and 54, the forceps exit 56, and the nozzle 58 are placed on the
distal end surface 26a. Particularly, in the endoscope 1 of the
present embodiment, the observation window 50 is placed in
the vicinity of a peripheral edge part 265 of the distal end
surface 26a, and the pair of illumination windows 52 and 54
is placed in the vicinity of the peripheral edge part 265 adja-
cently to the observation window 50 so as to sandwich the
observation window 50. In addition, the nozzle 58 is placed so
as to be opposed to the observation window 50, and the
forceps exit 56 is placed adjacently to the nozzle 58.

In addition, in the endoscope 1 of the present embodiment,
in order to reduce a stimulus when the distal end part 26
comes into contact with a body cavity wall, an entire circum-
ference of the peripheral edge part 265 of the distal end
surface 26a is round-chamfered.
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It should be noted that, if the peripheral edge part 265 is
round-chamfered in this way, liquid drops attach more easily
onto the peripheral edge part 265, so that the liquid drops
attach more easily onto the vicinities of the observation win-
dow 50 and the illumination windows 52 and 54.

In view of the above, in the endoscope 1 of the present
embodiment, a radius of curvature (round-chamfer) of the
peripheral edge part 265 is changed in the vicinities of the
observation window 50 and the illumination windows 52 and
54, to thereby prevent the liquid drops from attaching onto the
vicinities of optical members such as the observation window
50 and the illumination windows 52 and 54. This will be
described in detail later.

An objective optical system such as an objective lens is
attached behind the observation window 50, and a solid-state
image pick-up element (for example, CCD (Charge Coupled
Device)) is attached further behind the objective optical sys-
tem.

In addition, an illumination optical system is placed behind
each of the paired illumination windows 52 and 54.

A light guide (not shown) provided inside of the insertion
part 20 is connected to the illumination optical system. When
the light source connector 34B of the connection part 30 is
connected to the light source apparatus 38, this light guide is
connected to a light source lamp (not shown) incorporated in
the light source apparatus 38. Accordingly, when the light
source lamp of the light source apparatus 38 is turned on, light
emitted from the light source lamp is guided by the light guide
to the illumination optical systems. Then, the lights guided by
the illumination optical systems illuminate a region to be
observed through the illumination windows 52 and 54.

The objective optical system placed behind the observation
window 50 receives reflected light of the light which illumi-
nates the region to be observed through the illumination win-
dows 52 and 54, and forms an optical image of the region to
be observed on a light receiving surface of the solid-state
image pick-up element. The optical image of the region to be
observed which is formed on the light receiving surface of the
solid-state image pick-up element is converted into an elec-
trical signal by the solid-state image pick-up element, and is
outputted to the processor apparatus 36 which is connected to
the endoscope 1 via a signal line (not shown) provided inside
of the insertion part 20. The processor apparatus 36 converts
this electrical signal into a video signal, and outputs the video
signal as an endoscopic image to the monitor 42.

The forceps exit 56 is connected to the forceps entrance 12
of the operation part 10 via a forceps channel (not shown)
provided inside of the insertion part 20. A treatment tool such
as a forceps which is inserted from the forceps entrance 12
protrudes from the forceps exit 56.

The nozzle 58 is provided so as to protrude from the distal
end surface 264 of the distal end part 26, and includes a jet
port 58a facing the observation window 50. An air supply/
water supply channel (not shown) provided inside of the
insertion part 20 is connected to the nozzle 58. The air supply/
water supply channel is connected to the air supply/water
supply apparatus 40 via the air supply/water supply connector
34C of the connection part 30. When the air supply/water
supply button 16 provided in the operation part 10 is operated,
air or water (cleaning fluid) is selectively fed from the air
supply/water supply apparatus 40 to the endoscope 1 via the
air supply/water supply channel. Then, the air or the water fed
from the air supply/water supply apparatus 40 is fed to the
nozzle 58 via the air supply/water supply channel to be jetted
from the jet port 58a of the nozzle 58 toward the observation
window 50. This enables cleaning of the observation window
50.
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It should be noted that the observation window 50 is
cleaned by jetting water from the nozzle 58. In this case, drops
of'water may attach onto the observation window 50 after the
cleaning. Therefore, after the cleaning, air is jetted from the
nozzle 58, to thereby remove the drops of water attaching on
the observation window 50.

However, as in the endoscope 1 of the present embodiment,
if the observation window 50 is placed in the vicinity of the
peripheral edge part 265 and the peripheral edge part 265 is
round-chamfered, the liquid drops attach more easily onto the
peripheral edge part 265 in the vicinity of the observation
window 50. In addition, if the liquid drops attach onto the
peripheral edge part 265, the liquid drops cannot be removed
in some cases even by jetting air thereto.

In view of the above, in the endoscope 1 of the present
embodiment, the radius of curvature (round-chamfer) of the
peripheral edge part 265 is changed in the vicinities of the
observation window 50 as well as the illumination windows
52 and 54, to thereby prevent the liquid drops from attaching
onto the vicinities of the optical members such as the obser-
vation window 50 and the illumination windows 52 and 54.
That is, the liquid drops tend to attach more easily onto a
portion having a larger radius of curvature (round-chamfer),
and hence the radius of curvature is changed in the vicinities
of'the observation window 50 and the respective illumination
windows 52 and 54, to thereby cause the liquid drops to attach
at a position far from the observation window 50 and the
illumination windows 52 and 54. Specifically, as illustrated in
FIG. 2, the peripheral edge part 265 in the vicinities of the
observation window 50 and the illumination windows 52 and
54 is round-chamfered in a manner that the radius of curva-
ture (round-chamfer) becomes larger in portions between the
observation window 50 and the respective illumination win-
dows 52 and 54. Hereinafter, description is given of modes for
round-chamfering the peripheral edge part 265 in the vicini-
ties of the observation window 50 and the illumination win-
dows 52 and 54.

In FIG. 2, broken lines L1 to L4 in the peripheral edge part
26b each designate a contour line.

As illustrated in FIG. 2, in a peripheral edge part between
the observation window 50 and the illumination window 52 (a
peripheral edge part having a shorter circumferential length),
apoint (P6) closest to the observation window 50 is defined as
the first point, a point (P2) closest to the illumination window
52 is defined as the second point, and a point (P4) between the
first point and the second point is defined as the local maxi-
mum point (a point at which the radius of curvature (round-
chamfer) becomes the largest). Then, this peripheral edge part
is round-chamfered in a manner that the radius of curvature
(round-chamfer) gradually becomes larger from each of the
first point (P6) and the second point (P2) toward the local
maximum point (P4).

Similarly, in a peripheral edge part between the observa-
tion window 50 and the illumination window 54 (a peripheral
edge part having a shorter circumferential length), the point
(P6) closest to the observation window 50 is defined as the
first point, a point (P10) closest to the illumination window 54
is defined as the second point, and a point (P8) between the
first point and the second point is defined as the local maxi-
mum point. Then, this peripheral edge part is round-cham-
fered in a manner that the radius of curvature (round-chamfer)
gradually becomes larger from each of the first point (P6) and
the second point (P10) toward the local maximum point (P8).

In the endoscope 1 of the present embodiment, the local
maximum point (P4, P8) is set at a substantially intermediate
position between the first point (P6) and the second point (P2,
P10), and the radius of curvature (round-chamfer) becomes
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the largest at a point having substantially the same distance
from both of the first point (P6) and the second point (P2,
P10).

FIGS. 3A to 3] are views each illustrating an outer shape of
a given cross section of the distal end part illustrated in FIG.
2. FIG. 3 A illustrates the outer shape of an O-P1 cross section
in FIG. 2, FIG. 3B illustrates the outer shape of an O-P2 cross
section in FIG. 2, FIG. 3C illustrates the outer shape of an
O-P3 cross section in FIG. 2, FIG. 3D illustrates the outer
shape of an O-P4 cross section in FIG. 2, FIG. 3E illustrates
the outer shape of an O-P5 cross section in FIG. 2, FIG. 3F
illustrates the outer shape of an O-P6 cross section in FIG. 2,
FIG. 3G illustrates the outer shape of an O-P7 cross section in
FIG. 2, FIG. 3H illustrates the outer shape of an O-P8 cross
section in FIG. 2, FIG. 31 illustrates the outer shape of an
O-P9 cross section in FIG. 2, and FIG. 3] illustrates the outer
shape of an O-P10 cross section in FIG. 2.

In FIG. 2, a point O is the center of the distal end surface
264, the point P6 is the point closest to the observation win-
dow 50, the point P2 is the point closest to the illumination
window 52, the point P10 is the point closest to the illumina-
tion window 54, the point P4 is the local maximum point set
between the point P2 and the point P6, and the point P8 is the
local maximum point set between the point P6 and the point
P10.

As illustrated in FIGS. 3A to 3], the distal end part in the
vicinity of the observation window 50 is round-chamfered in
the following manner. That is, taking a point (P6) closest to
the observation window 50 as a starting point, the radius of
curvature (round-chamfer) gradually becomes larger along
with an increase in distance from the observation window 50
toward the respective illumination windows 52 and 54. Then,
the radius of curvature becomes the local maximum at the
local maximum points (P4, P8) set between the observation
window 50 and the respective illumination windows 52 and
54.

Similarly, the distal end part in the vicinities of the illumi-
nation windows 52 and 54 is round-chamfered in the follow-
ing manner. That is, taking points (P2, P10) closest to the
respective illumination windows 52 and 54 as starting points,
the radius of curvature (round-chamber) gradually becomes
larger along with an increase in distance from the respective
illumination windows 52 and 54 toward the observation win-
dow 50. Then, the radius of curvature becomes the local
maximum (for example, 1.5 mm at maximum) at the local
maximum points (P4, P8) set between the observation win-
dow 50 and the respective illumination windows 52 and 54.

In this way, the radius of curvature (round-chamfer) at the
peripheral edge part 265 of the distal end surface 26a is
changed in the vicinities of the observation window 50 and
the illumination windows 52 and 54, whereby it is possible to
prevent the liquid drops from attaching onto the vicinities of
the observation window 50 and the illumination windows 52
and 54 and to secure an excellent field of view.

Particularly, as in the endoscope 1 of the present embodi-
ment, taking the points respectively closest to the observation
window 50 and the illumination windows 52 and 54 as the
starting points, the distal end part is round-chamfered in a
manner that the radius of curvature (round-chamfer) gradu-
ally becomes larger, whereby it is possible to lead the liquid
drops to a position away from the observation window 50 and
the illumination windows 52 and 54 and to prevent the liquid
drops from attaching onto the vicinities of the observation
window 50 and the illumination windows 52 and 54.

The radius of curvature (round-chamfer) is changed in the
vicinity of the observation window 50, and the range of this
vicinity may be defined as, for example, a region which is
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sandwiched by two tangents drawn from the center O of the
distal end surface 264 to the observation window 50. In addi-
tion, in the case where the radius of curvature is changed also
in the vicinities of the illumination windows 52 and 54, the
range thereof may be defined as a region which is sandwiched
by two tangents drawn from the center O of the distal end
surface 264 to each of the illumination windows 52 and 54.

In addition, the presently disclosed subject matter provides
atechnology which is effective when the observation window
50 and the illumination windows 52 and 54 are placed in the
vicinity of the peripheral edge part of the distal end surface
26a, and is particularly effective when a central position of
the observation window 50 or the illumination windows 52
and 54 is located on the outer side of 4 the radius of the distal
end surface 26a (when a distance from the center O of the
distal end surface 264 to the outer periphery is assumed as r
and the central position of the observation window 50 or the
illumination windows 52 and 54 is located on the outer side of
a distance position of 0.5xr from the center O of the distal end
surface 26a).

In addition, in the present embodiment, the radius of cur-
vature (round-chamfer) is continuously changed with respect
to the point closest to the observation window 50 as the
starting point, but a mode of changing the radius of curvature
is not limited thereto. In addition to this mode, for example,
the radius of curvature may be changed in a stepwise manner.
In addition, a change rate for changing the radius of curvature
does not necessarily need to be constant, and may be changed
drastically with respect to a certain point as the starting point.
For example, it is also possible to adopt a mode in which: the
point closest to the observation window 50 is defined as the
starting point; and the distal end part is round-chamfered at
the same radius of curvature as that at the starting point within
a given range from the starting point, and is round-chamfered
at a radius of curvature which is changed continuously orin a
stepwise manner, once exceeding a given range (in this case,
both ends of the given range including the starting point
correspond to actual starting points). The same holds true for
the case where the radius of curvature is changed in the
vicinities of the illumination windows 52 and 54.

Second Embodiment

FIG. 4 is a front view illustrating a configuration of a
second embodiment of the distal end surface of the distal end
part of the endoscope according to the presently disclosed
subject matter.

The endoscope of the present embodiment is different in
the layout of each constituent element placed on the distal end
surface of the distal end part from the endoscope of the first
embodiment. That is, in the layout of the endoscope 1 of the
first embodiment, the pair of illumination windows 52 and 54
is placed in the vicinity of the peripheral edge part 265 so as
to sandwich the observation window 50. On the other hand, in
the layout of the endoscope of the present embodiment, the
observation window 50 is placed in the vicinity of one illu-
mination window 52, and the nozzle 58 is placed between the
other illumination window 54 and the observation window
50.

The endoscope of the present embodiment is the same as
the endoscope of the first embodiment in that: the observation
window 50 and the illumination windows 52 and 54 are
placed in the vicinity of the peripheral edge part 265; and the
nozzle 58 is placed so as to be opposed to the observation
window 50.

As illustrated in FIG. 4, similarly in the endoscope of the
present embodiment, the radius of curvature (round-chamfer)
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of'the peripheral edge part 265 is changed in the vicinity of the
observation window 50, to thereby prevent the liquid drops
from attaching onto the vicinity of the observation window
50.

In FIG. 4, broken lines L1 to [.4 in the peripheral edge part
26b each designate a contour line. As illustrated in FIG. 4, in
a peripheral edge part between the observation window 50
and the illumination window 52 (a peripheral edge part hav-
ing a shorter circumferential length), a point (P1) closest to
the observation window 50 is defined as the first point, a point
(P5) closest to the illumination window 52 is defined as the
second point, and a point (P3) between the first point and the
second point is defined as the local maximum point. Then,
this peripheral edge part is round-chamfered in a manner that
the radius of curvature (round-chamfer) gradually becomes
larger from each of the first point (P1) and the second point
(P5) toward the local maximum point (P3).

FIGS.5A to 5F are views each illustrating an outer shape of
a given cross section of the distal end part illustrated in FIG.
4. FIG. 5A illustrates the outer shape of an O-P1 cross section
in FIG. 4, F1G. 5B illustrates the outer shape of an O-P2 cross
section in FIG. 4, FIG. 5C illustrates the outer shape of an
O-P3 cross section in FIG. 4, FIG. 5D illustrates the outer
shape of an O-P4 cross section in FIG. 4, FIG. 5E illustrates
the outer shape of an O-P5 cross section in FIG. 4, and FIG.
5F illustrates the outer shape of an O-P6 cross section in FIG.
4.

In FIG. 4, the point O is the center of the distal end surface
264, the point P1 is the point closest to the observation win-
dow 50, the point P5 is the point closest to the illumination
window 52, and the point P3 is the local maximum point set
between the point P1 and the point P5.

As illustrated in FIGS. 5A to 5F, the peripheral edge part
between the observation window 50 and the illumination
window 52 is round-chamfered in a manner that the radius of
curvature (round-chamfer) gradually becomes larger from
each of the point (P1) closest to the observation window 50
and the point (P5) closest to the illumination window 52
toward the local maximum point (P3).

In this way, the radius of curvature (round-chamfer) of the
peripheral edge part 265 is changed in the vicinity of the
observation window 50, whereby it is possible to prevent the
liquid drops from attaching onto the vicinities of the obser-
vation window 50 and the illumination window 52 placed in
the vicinity of the observation window 50 and to secure an
excellent field of view.

Although, in the endoscope illustrated in FIG. 4, the radius
of curvature (round-chamfer) of the peripheral edge part 265
is changed toward one direction (toward the illumination
window 52) with taking the point closest to the observation
window 50 as the starting point, alternatively, as illustrated in
FIG. 6, the radius of curvature (round-chamfer) may be
changed toward two directions.

In addition, as the cleaning fiuid jetted from the nozzle 58
advances to the downstream side, a flow rate thereof becomes
lower, so that the cleaning fluid attaches more easily onto the
distal end surface 26a and the peripheral edge part 2654.
Therefore, it is preferable to actively change the radius of
curvature (round-chamfer) of the peripheral edge part 265
which is located on the downstream side of the observation
window 50 with respect to the nozzle 58. That is, the flow rate
is high in a region on the upstream side of the observation
window 50 with respect to the nozzle 58 (a region near the
nozzle 58), and hence the liquid drops are less likely to attach
thereonto. Therefore, it is possible to prevent the liquid drops
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from attaching in the region on the upstream side, even with-
out actively changing the radius of curvature (round-cham-
fer).

Third Embodiment

FIG. 7 is a front view illustrating a configuration of a third
embodiment of the distal end surface of the distal end part of
the endoscope according to the presently disclosed subject
matter.

The endoscope of the present embodiment is different in
the layout of each constituent element placed on the distal end
surface of the distal end part from the endoscope of the first
embodiment. That is, in the endoscope of the present embodi-
ment, the illumination window 52 is placed at a position a
little away from the observation window 50.

Inthis case, asillustrated in FIG. 7, in a peripheral edge part
in the vicinity of the observation window 50, a point (P1)
closest to the observation window 50 is taken as the starting
point, and a point (P3) obtained by rotating the distal end part
26 by a given angle from the starting point around the point O
in one direction, is taken as the ending point. Then, a local
maximum point (P2) is set between the starting point and the
ending point. This peripheral edge part is round-chamfered in
a manner that the radius of curvature (round-chamfer) gradu-
ally becomes larger from each of the starting point and the
ending point toward the local maximum point and becomes
the largest at the local maximum point.

In this way, in the case where the illumination windows 52
and 54 are not placed in the vicinity of the observation win-
dow 50, the point closest to the observation window 50 is
taken as the starting point, and the point obtained by rotating
the distal end part 26 by the given angle from the starting point
around the point O in one direction, is taken as the ending
point. Then, the radius of curvature (round-chamfer) of the
peripheral edge part 265 is changed between the starting point
and the ending point. This makes it possible to prevent the
liquid drops from attaching onto the vicinity of the observa-
tion window 50 and to secure an excellent field of view.

Although, in the embodiment illustrated in FIG. 7, the
radius of curvature (round-chamfer) of the peripheral edge
part 265 is changed only on one side of the observation
window 50, alternatively, the radius of curvature may be
changed on both sides of the observation window 50 (see FIG.
6). In this case, the radius of curvature does not necessarily
need to be symmetrically changed, and it is preferable to
change the radius of curvature in consideration of the layout
of another constituent member, a distance from the nozzle,
and the like.

In addition, in the case where the radius of curvature
(round-chamfer) is changed on one side of the observation
window 50, it is preferable to take, as the ending point, a point
obtained by rotating the distal end part 26 around the point O
by a given angle in a direction away from the nozzle 58
(toward the downstream side of the cleaning fluid jetted from
the nozzle 58).

Inaddition, although, in the embodiment illustrated in FI1G.
7, the radius of curvature (round-chamfer) is not changed in
peripheral edge parts in the vicinities of the illumination
windows 52 and 54, it may be changed also in the peripheral
edge parts in the vicinities of the illumination windows 52 and
54.

Fourth Embodiment

FIG. 8 is a front view illustrating a configuration of a fourth
embodiment of the distal end surface of the distal end part of
the endoscope according to the presently disclosed subject
matter.
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In addition, FIGS. 9A to 9] are views each illustrating an
outer shape of a given cross section of the distal end part
illustrated in FIG. 8. FIG. 9A illustrates the outer shape of an
O-P1 cross section in FIG. 8, FIG. 9B illustrates the outer
shape of an O-P2 cross section in FIG. 8, FIG. 9C illustrates
the outer shape of an O-P3 cross section in FIG. 8, FIG. 9D
illustrates the outer shape of an O-P4 cross section in FIG. 8,
FIG. 9E illustrates the outer shape of an O-P5 cross section in
FIG. 8, FIG. 9F illustrates the outer shape of an O-P6 cross
section in FIG. 8, FIG. 9G illustrates the outer shape of an
O-P7 cross section in FIG. 8, FIG. 9H illustrates the outer
shape of an O-P8 cross section in FIG. 8, FIG. 91 illustrates
the outer shape of an O-P9 cross section in FIG. 8, and FIG.
9] illustrates the outer shape of an O-P10 cross section in FIG.
8.

As illustrated in FIG. 8 and FIGS. 9A to 9], the endoscope
of'the present embodiment is different from the endoscope of
the first embodiment in that the peripheral edge part 265 is
round-chamfered in a manner that a radius of curvature
(round-chamfer) (R6) at the point (P6) closest to the obser-
vation window 50 becomes the smallest.

That is, in the endoscope of the first embodiment, the radius
of curvature (R6) at the point (P6) closest to the observation
window 50 is set to the same radius of curvature as a radius of
curvature of a portion other than the vicinity of the observa-
tion window 50 (for example, the radius of curvature at the
point P1). On the other hand, in the endoscope of the present
embodiment, the radius of curvature at the point (P6) closest
to the observation window 50 is set to be the smallest, and the
peripheral edge part 265 is chamfered in a manner that the
radius of curvature gradually becomes larger along with an
increase in distance from the point (P6) closest to the obser-
vation window 50 (for example, the smallest radius of curva-
ture is approximately 0.5 mm, and the largest radius of cur-
vature is approximately 1.5 mm).

As described above, because the liquid drops tend to attach
more easily onto a portion having a larger radius of curvature
(round-chamfer), the radius of curvature at the point closest to
the observation window 50 is set to be the smallest in the
embodiments. This enables to more effectively prevent the
liquid drops from attaching onto the observation window 50.

Similarly with regard to the illumination windows 52 and
54, the radius of curvature at the point closest to each of the
illumination windows 52 and 54 is made smaller, whereby it
is possible to more effectively prevent the liquid drops from
attaching onto the illumination windows 52 and 54.

What is claimed is:
1. An endoscope comprising:
an insertion part which is inserted into a body cavity, the
insertion part having:
a flat distal end surface, the flat distal end surface includ-
ing an observation window, an illumination window,
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an outer peripheral edge, and a nozzle which jets a
cleaning fluid toward the observation window;

an outer circumferential surface centered along a longi-

tudinal axis of the insertion part; and

a chamfered surface disposed between the outer periph-

eral edge and the outer circumferential surface and
being circumferentially round-chamfered,
wherein a center O of the flat distal end surface lies on the
longitudinal axis of the insertion part,
wherein a distance between the center O of the flat distal
end surface and the outer peripheral edge is assumed as

I,
wherein the observation window is located in a vicinity of

the outer peripheral edge and a central position of the
observation window is located on an outer side of a
distance position of 0.5xr from the center O of the flat
distal end surface, and

wherein in a vicinity of the observation window which is a

region sandwiched by two tangents drawn from the cen-
ter O of the flat distal end surface to the observation
window, the chamfered surface is round-chamfered in a
manner that as a distance between a central axis of the
observation window and a point of a plurality of points
along the outer circumferential surface increases, a
radius of round-chamfer of the chamfered surface
increases.

2. The endoscope according to claim 1, wherein:

the illumination window is located in the vicinity of the

outer peripheral edge, a central position of the illumina-
tion window is located on the outer side of the distance
position of 0.5xr from the center O of the flat distal end
surface; and

in a vicinity of the illumination window which is a region

sandwiched by two tangents drawn from the center O of
the flat distal end surface to the illumination window, the
chamfered surface is round-chamfered in a manner that
as a distance between a central axis of the illumination
window and a point of a plurality of points along the
outer circumferential surface increases, a radius of
round-chamfer of the chamfered surface increases.

3. The endoscope according to claim 1, wherein the cham-
fered surface is round-chamfered in a manner that the radius
of round-chamfer becomes smallest at a point closest to the
observation window.

4. The endoscope according to claim 1, wherein the radius
of round-chamfer of the chamfered surface between the cen-
tral axis of the observation window and each point of the
plurality of points increases in a stepwise manner.

5. The endoscope according to claim 1, wherein the radius
of round-chamfer of the chamfered surface between the cen-
tral axis of the observation window and each point of the
plurality of points increases at a constant rate.
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